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ABSTRACT
We desribe the type IIB supergravity bakground on AdS3 ⊗ S3 ⊗
T 4using the potentials of AdS3|4 ⊗ S3 ⊗ T 4 and we use the super-
solvable algebra assoiated to AdS3|4 to ompute the κ gauge xed
type IIB string ation. From the expliit form of the ation we an
learly see how passing from pure NSNS bakgrounds to pure RR
bakgrounds the WZW term disappears.
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1 Introdution.
The AdS/CFT onjeture ([1℄,[2℄,[3℄) has reently attrated a lot of interest and
work, one of its onsequenes is that the lassial (i.e. no string loops) type
IIB superstring propagating in a AdS5 ⊗ S5 bakground is the mastereld of
the N = 4 D = 4 SYM based on the U(N) gauge group. It has therefore
beome important to write the lassial ation for the above mentioned type
IIB superstring and then to rst quantize it. The rst step has been aom-
plished in a series of works ([7℄,[8℄,[9℄) whih ulminated in two dierent proposal
([4℄,[5℄) whih were shown to be equivalent ([6℄). Even if the resulting ation
an be very easily written down and we an thrust it is the proper onformal
ation ([7℄,[10℄), it is unlear how to proeed to quantize it expliitly, even in a
simplied but equivalent form ([11℄), the main reason being it desribes a RR
bakground whih reets into the fat that the theory is not a usual WZW
model beause it has not the left/right symmetry ([7℄). In view of the fat that
expliit omputations of N = 4 D = 4 SYM amplitudes in the leading order
([12℄) and next to leading order ([13℄) in λ ( λ = Ng2YM >> 1 ) based on this
onjeture have revealed the possible appearane of logarithm and even if the
results in this eld are far from be denitive beause of the diulties of om-
puting all the ontributions expliitly, it has beome even more important to be
able to understand how to quantize this ation.
In order to get some hint on how to proeed to quantize suh a kind of
ation we ould start to look at some simpler example where one an at least
partially ompare with a well dened NSR formulation: it is infat purpose
of this paper to write the expliit κ gauge xed ation for type IIB string
propagating on AdS3⊗S3⊗T 4 whose NSR formulation has been worked out in
([14℄). This non dilatoni bakground an be pure NSNS, pure RR or a mixing
of the two sine it an be thought as generated by a dioni string in the type
IIB supergravity dimensional redued to D = 6 : unfortunatly it turns out that
the two bakgrounds are so dierent to make their omparison quite diult.
The plan of the paper is the following.
In setion 2 we ompute the supergravitational bakground orresponding
to a spontaneous ompatiation on AdS3⊗S3⊗T 4 and we express the bak-
ground elds, thought as elds living in a superspae, through the elds of the
superspae AdS3|4 and the vielbein and spin-onnetion of S3 ⊗ T 4 .
In setion 3 we derive the form of the bakground elds when xing the κ
symmetry using the supersolvable approah.
In setion 4 we give the ation for the type IIB superstring propagating in
this bakground, we disuss and omment the form of the ation.
In a series of appendieswe give more details on the omputations and we
prove that the proposed ation atually xes the κ symmetry as laimed.
1
2 The supergravitational bakground.
We will now onstrut the supergravitational bakground expliitly: this will
be performed in three steps
1. we solve the equations of motion and we get the eld strengths whih are
assoiated with the spontaneous ompatiation on AdS3 ⊗ S3 ⊗ T 4 ;
2. sine the fermions are set to zero we look at their supersymmetri trans-
formations and we determine the form and the number of Killing vetors.
Their form suggests the ansatz for the gravitino in the next point;
3. we nally express all the elds through the generalized potentials of SU(1, 1|2, 0)⊗
SU(1, 1|0, 2) and the vielbein and spin onnetion of S3⊗T 4 : in this way
all the elds beome dened on the superspae AdS3|4 .
2.1 The spontaneous ompatiation on AdS3 ⊗ S3 ⊗ T 4 .
Sine we want a solution of the equations of motion whih has a spontaneous
ompatiation on AdS3 ⊗ S3 ⊗ T 4, it is natural to make the following ansatz
whih in the notation of [15℄
2
reads
Rab.. cd = r1δ
ab
cd R
ij
.. kl = r2δ
ij
kl R
rs
.. tu = 0 (2.1)
Gabc = g1ǫabc Gijk = g2ǫijk (2.2)
V α± = const ⇒ Q = 0 Pa = 0 (2.3)
F
â1...̂a5
= 0 (2.4)
ρ
â̂b
= 0 (2.5)
λ = 0 ⇒ D
â
λ = 0 (2.6)
where â, b̂, . . . ∈ {0, . . . , 9} , a, b, . . . ∈ {0, 1, 2}, u, v, . . . ∈ {3, . . . , 9}, i, j, . . . ∈
{3, 4, 5}, r, s, . . . ∈ {6, . . . , 9}( see appendix A for further onventions ) and
G
â̂bĉ
= ǫαβV
α
+ F
β
â̂bĉ
.
It is then a simple matter to solve the equation of motions and to nd that
−r1 = r2 =| e |2 (2.7)
g1 =
2
3
e g2 =
2
3
eρ (ρ = ±1) (2.8)
where e is an arbitrary omplex number and to verify that the omplex tensor
G
â̂bĉ
is ovariantly onstant in this bakground, i.e. DâG
â̂b̂c
= 0 . We notie
that the onstraint g21 = g
2
2 is a onsequene of the equation of motion for the
salars.
2
With the minor modiations given by ψ → Ψ , ψ∗ → Ψc ≡ ĈΨ
T
and ̟ab → Ωâ̂b.
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2.2 The Killing vetors.
As a rst step we write the supersymmetri transformation rules for the fermions
in this bakground
δλ = − i
8
Γâ̂bĉǫ̂ G
â̂b̂c
(2.9)
δΨ = Dǫ̂ +
1
32
(
9 Γâ̂bV ĉ + Γâ̂bĉd̂V
d̂
)
ǫ̂c Gâ̂b̂c (2.10)
where ǫ̂c = Ĉ ǫ̂
T
is the harge onjugate of the innitesimal parameters ǫ̂ and
all the eld strengths are restrited to the spaetime.
Sine the gravitino transformation rule involves both the parameters ǫ̂ and
its harge onjugate ǫ̂c the only way to set to zero δΨ is to use a parameter ǫ̂
whih is a sum of linearly independent Majorana spinors, thus breaking at least
half of the number of loal harges, expliitly:
ǫ̂ =
(
016
eiϕN ǫN ⊗ η˜N
)
(2.11)
where ǫN = C ǫN is a set of N (N to be determined) AdS3 Majorana spinors
and η˜N = C˜ η˜
N
is a set of N S3 ⊗ T 4 Majorana spinors.
The dilatino variation implies that
12 ⊗ γ5 η˜N = ρ η˜N (2.12)
where the sign ρ is the same as the one whih enters eq. (2.8).
The gravitinos variation yields more onstraints and suggests how to ex-
press the gravitino (2.26), when thought as a eld on the superspae, using the
AdS3|4 ⊗ S3 ⊗ T 4 generalized potentials . Expliitly we get (we denote Ψ−the
16 lower omponents of the antiWeyl gravitino Ψ)3
δΨ
−
= eiϕN
(
DAdS3 ǫN + i
e
2
e−2iϕN γaǫN V a
)
⊗ η˜N
+ eiϕN ǫN ⊗
(
DS3⊗T 4 η˜
N − e
2
ρe−2iϕN γi ⊗ 14η˜N V i
)
whih an be solved as(
DAdS3 ǫN − i sN
|e|
2
γaǫN E
a
)
= 0 (2.13)(
DS3⊗T 4 η˜
N + sN
|e|
2
γ˜iη˜
N Ei
)
= 0 (2.14)
where
− e|e| e
−2iϕN = sN = ±1 (2.15)
3
We also dene DAdS3 ǫ =
(
d− 1
4
ωabγab
)
ǫ and DS3⊗T4 η˜ =
(
d− 1
4
ωij γ˜ij
)
η˜ where ω
are the lassial spin-onnetions, i.e. without θ dependene.
3
beause of the integrability onditions of the two equations (2.13,2.14). Notie
that in eq.s (2.13,2.14) we have expliitly used the fat that the restrition of
the zehnbein to the spaetime gives the lassial zehnbein, i.e. V â|′′θ′′=0 = Eâ.
We will denote a S3 ⊗ T 4 spinor η˜N whih satises eq. (2.14) with the
substitution sN → −s as η˜N(s) in order to stress the relative sign of the two
terms of the equation (2.14).
Before ounting the number of real supersymmetri harges surviving in this
bakground and being able to speify in whih range the index N runs, we need
to understand better how η˜Nan be deomposed w.r.t. T 4 and S3 spinors. It is
not diult to see that the Majorana η˜N spinors an be deomposed as
η˜N(s) = η˜
(n,m)
(s) = H
N
pq η
p
(s) ⊗ κq HN = σ2H∗Nσ2 (2.16)
where the onstraint on HN is due to the Majorana ondition whih η˜
N
(s) have
to satisfy and to the fat that
• κq (q = 1, 2 ) are a ouple of onstant hiral sympleti-Majorana spinors
on the 4-torus
γ5 κ
q = ρ κq κc q ≡ CκTq = ǫqp κp κpκq = δqp (2.17)
with ǫ12 = 1 and
• ηp(s) (p = 1, 2) are (for any s) a ouple of sympleti-Majorana spinors on
the 3-sphere
ηc p ≡ C ηTp = ǫpq ηq ηpηq = δqp (2.18)
whih satisfy the killing equation on the 3-sphere
DS3η
p
(s) − s
|e|
2
ρ γiη
p
(s) E
i = 0 (2.19)
It is now obvious that both p and q in (2.16) an take two values and that
the index N = (n,m) an take 4 values as we an immediately nd 4 matries
whih satisfy the seond equation in eq. (2.16) H : {1, iσ1, iσ2, iσ3} , hene
the number of real supersymmetri harges is 2 · 2 · 4 = 16 where the rst fator
2 aounts for the two possible values of sN (2.15) and the seond fator is the
number of real omponents of ǫN .
2.3 The type IIB elds as elds living on the superspae
AdS3|4 ⊗ S3 ⊗ T 4.
We are now ready to write our ansatz on how to express the supergravity elds
leaving on superspae, to this purpose we use
• the elds of the super anti de Sitter in 3D and 4 omplex harges AdS3|4 =
SU(1,1|2,0)⊗SU(1,1|0,2)
SO(1,2)⊗O(4)
{
ω(±)a(x,Θ(±)), A(±)n.m (x,Θ(±)), χ
(±)
n (x,Θ(±))
}
(see
4
appendies B and C for a omplete explanation of the notations and deriva-
tion of these results ) whih satisfy
dω(±)a +
1
2
ǫa. bc ω
(±)bω(±)c − is(±) χ(±)nγaχ(±)n = 0
(2.20)
dA(±)n.m +A
(±)n
. p A
(±)p
.m − s(±)
(
χ(±)nχ(±)m −
1
2
δnm χ
(±)pχ(±)p
)
= 0
(2.21)
dB(±) − s(±) 1
2
χ(±)pχ(±)p = 0
(2.22)
dχ(±)n −
i
2
ω(±)a γaχ(±)n + χ
(±)
m A
(±)m
.n = 0
(2.23)
and depend on x and Θ(±) whih are respetively the AdS3 oordinates
and a set of 4 omplex Grassman oordinates whih transform as two AdS3
omplex spinors and not as AdS3 ⊗ S3 ⊗ T 4 spinors; we notie moreover
the presene of the arbitrary sign s(±) ;
• the lassial dreibein and spin-onnetion of S3 (Ei(y) , ωij(y) ) whih
satisfy
dEi −̟i.jEj = 0 (2.24)
dωij − ωikω.jk = |e|2EiEj (2.25)
and depend on the S3 oordinates y ;
• the lassial vierbein of T 4 Er = dzr where zr are the T 4 oordinates.
When we take in aount the form of the killing spinors (2.11) the ansatz for
the gravitino reads:
Ψ = κ3
(
0
eiϕ(+)χ
(+)
(n,m)(x,Θ)⊗ η˜(n,m)(s) + eiϕ(−)χ(−)(n,m)(x,Θ)⊗ η˜(n,m)(t)
)
=
= κ3
(
0
eiϕ(+)
(
χ
(+)
n (x,Θ)⊗ η˜n(s)c + χ(+)nc (x,Θ)⊗ η˜(s)n
) )
+
+κ3
(
0
eiϕ(−)
(
χ
(−)
n (x,Θ)⊗ η˜n(t)c + χ(−)nc (x,Θ)⊗ η˜(t)n
) )
(2.26)
where we have dened impliitly the Majorana omponent of χn as
χn =
1√
2
(
χ(n,1) + i χ(n,2)
)
(2.27)
χnc =
1√
2
(
χ(n,1) − i χ(n,2)
)
5
and inversely we have dened the omplex spinors η˜ out of the Majorana ones
η˜N as
η˜n =
1√
2
(
η˜(n,1) + i η˜(n,2)
)
= (Hn)pq η
p ⊗ κq (2.28)
and their harge onjugate η˜nc . Moreover the Majorana killing spinors η˜(s)N =
η˜(s)(m,l) (2.16) are normalized as
η˜(s)N η˜(s)M = δNM (2.29)
Now that we have a set of omplex C-number spinors η˜n with the proper
index struture we an write the ansatz for the remaining elds:
V a = Ea(x,Θ) =
1
2|e|
(
ω(+)a − ω(−)a
)
(2.30)
V i = Ei(y) + κ
(+)
1 η˜
m
(s)(y) γ˜
i η˜(s)n(y) A
(+)n
. m (x,Θ)
+κ
(−)
1 η˜
m
(t)(y) γ˜
i η˜(t)n(y)A
(−)n
. m (x,Θ) (2.31)
V r = dzr (2.32)
Ωab = ωab(x,Θ) =
1
2
ǫabc
(
ω(+)c + ω
(−)
c
)
(2.33)
Ωij = ωij(y) + κ
(+)
2 η˜
m
(s)(y) γ˜
ij η˜(s)n(y) A
(+)n
. m (x,Θ)
+κ
(−)
2 η˜
m
(t)(y) γ˜
ij η˜(t)n(y) A
(−)n
. m (x,Θ) (2.34)
Ωrs = 0 (2.35)
In order to nd the solution we have to x the oeients κ
(±)
1 , κ
(±)
2 , κ3
(κ3 > 0 sine its phase is given by ϕ(+) ) and the phases ϕ(±); to determine
the matries HN (2.16) and the sign s and t; to nd to whih form of the
superalgebra SU(1, 1|2) the ω(±)a(x,Θ), A(±)n.m (x,Θ), χ(±)n (x,Θ) belong, i.e.
whih sign has s(±) in the Maurer-Cartan system (2.20-2.23).
Examining the pure gravitational Bianhi identities using these parametriza-
tion (2.26, 2.30-2.35) we get that
κ
(±)
1 = ±
1
2|e| (2.36)
κ
(±)
2 =
1
2
(2.37)
κ3 =
1
2
√|e| (2.38)
s = −t = −1 (2.39)
s(±) = ±1 (2.40)
ei(ϕ(−)−ϕ(+)) = i (2.41)
H1 =
(
0
−1
)
H2 =
(
1
0
)
(2.42)
6
while the integrability of the A equation requires
e2iϕ(+) = − e|e| (2.43)
We do not derive the expliit form of A here beause of its ompliation but
we will nd its expliit expression after we have the κ xed expression for the
zehnbein and the gravitini in the next setion .
3 Fixing the κ symmetry using the supersolvable
and the κ gauge xed expression for the super-
gravity bakground elds.
In order to nd the supersolvable algebras assoiated with the two forms of
SU(1, 1|2), we look at the solvable algebra assoiated to AdS3 = SO(2,2)SO(1,2) =
SO(1,2)⊗SO(1,2)
SO(1,2) ; from ([16℄) we see that the generators of AdS3 an be hosen
to be
solv(AdS3) = {M23,M+0,M+1}
where Mµν are the SO(2, 2) generators and M+µ =
1√
2
(M2µ +M3µ) (see ap-
pendix B for further details and more preise notations). We an now see how
these generators an be written in terms of the generators J
(±)
c = ǫ abc
1
4
(
Mab ± 12ǫabµν Mµν
)
of the two SO(1, 2)
solv(AdS3) =
{
J
(+)
2 − J (−)2 , −J (+)+ ± J (−)−
}
(3.1)
This equation (3.1) an be read in the dual spae by saying that the bosoni
part of the supersolvable algebra has to be generated by
{
ω(+)2 − ω(−)2 , ω(+)+ ± ω(−)− }.
We write down the Maurer-Cartan equations for the two SU(1, 1|2) and we ask
for onsisteny when we set either ω(+)− or ω(−)+. If we generially denote the
two omponents of the fermioni 1-form χ as
χ =
(
ζ
ξ
)
then it easy to nd that the (+) algebra reads
dω(+)2 = 0 (3.2)
dω(+)+ + ω(+)+ω(+)2 − is(+)
√
2ξ∗nξn = 0 (3.3)
dξ(+)n −
1
2
ω(+)2ξ(+)n = 0 (3.4)
and the (−) algebra reads
dω(−)2 = 0 (3.5)
7
dω(−)− − ω(−)−ω(−)2 − is(−)
√
2ζ∗nζn = 0 (3.6)
dζ(−)n +
1
2
ω(−)2ζ(−)n = 0 (3.7)
From the knowledge of whih 1-form make the supersolvable algebra we an
dedue the generi element of the supersolvable algebra (see appendix for C
notations); for example for the (+) algebra we get
g(+) =
 12α(+)2− i√
2
α+ − 12α(+)2 τm
−s(+)τ∗n

it is now an easy task to derive the expliit dependene on these oordinates of
the (+) 1-forms from the generi group elementG(+) = exp
(
g
(+)
2
)
exp
(
g
(+)
+
)
exp
(
g
(+)
τ
)
:
ω(+)2 = dα(+)2
ω(+)+ = dα+ − α+dα(+)2 − i√
2
s(+)
(
τ∗n
(−→
d −←−d
)
τn
)
ξ(+)n = dτn −
1
2
τndα
(+)2
Similarly for the (-) algebra we get
ω(−)2 = dα(−)2
ω(−)− = dα− + α−dα(−)2 − i√
2
s(−)
(
θ∗n
(−→
d −←−d
)
θn
)
ζ(−)n = dθn +
1
2
θndα
(−)2
In order to nd the κ gauge xed expression for the dreibein and the gravitini
we have to relate the oset AdS3 oordinates with those of the two SO(1, 2):
this is done omparing baPa = |e|baJ (+)a −|e|baJ (−)a with α(+)aJ (+)a +α(−)aJ (−)a .
In partiular we get α(+)2 = −α(−)2 = |e|b2, α(+)+ = |e|b+ and α(−)− = −|e|b−
. Using the relation Ea = 12|e|
(
ω(+)a − ω(−)a) and hanging variables as r =
exp
(|e|b2) , x± = b±2 |e| r , θ(+) = τ|e|√2 r and θ(−) = θ|e|√2 r we get the nal κ
gauge xed expression for the dreibein and the gravitini
E± = |e|r
(
dx± ± i√
2
s(±) θ(±)∗n
(−→
d −←−d
)
θ(±)n
)
(3.8)
E2 =
1
|e|
dr
r
(3.9)
χ(+)n = |e|
√
2 r
(
0
dθ
(+)
n
)
(3.10)
χ(−)n = |e|
√
2 r
(
dθ
(−)
n
0
)
(3.11)
8
With these expressions in hand we try to integrate the κ gauge xed version
of the omplex 3 eld strength
G = ǫαβV
α
+ dA
β = G
â̂b̂c
V âV b̂V ĉ + 2iΨcΓâΨV
â
(V α± are onstant). This is approah is possible beause the operation of pull-
bak on the surfae whih xes the gauge of the κ symmetry ommutes with
the external derivatives.
We notie immediately that there is a part whih is losed but not exat as
it is easy to see from the fat that one of the addends is the S3 volume form .
If we use projetive oordinates for the 3-sphere
4
, the nal answer is
5
G = d
(
ǫαβV
α
+A
β
)
=
=
2
3
eρǫijkE
iEjEk + d
(
e
2|e|3ω
(+)+ω(−)− − 1|e|2 e
i(ϕ(+)+ϕ(−))χ
(+)
N χ
(−)
M η˜(s)N η˜(−s)M
)
=
(3.12)
=
16e
3|e|3 ρ ǫijk
dyi ∧ dyj ∧ dyk
(1− y2)3 +
+d
{
−2e|e|r2
[
dx+ +
i√
2
θ(+)∗n
(−→
d −←−d
)
θ(+)n
]
∧
[
dx− +
i√
2
θ(−)∗n
(−→
d −←−d
)
θ(−)n
]
+2i
e
|e|2 r
[
dθ(+)∗ndθ(−)m η˜(s)cnη˜
m
(−s)c + dθ
(+)
n dθ
(−)∗m η˜
n
(s)η˜(−s)m
−i dθ(+)n dθ(−)m η˜
n
(s)η˜
m
(−s)c − i dθ(+)∗ndθ(−)∗m η˜(s)cnη˜(−s)m
]}
(3.13)
4 The ation.
We have now all the neessary ingredients to be able to write down the ation
on this bakground using the general form given in ([18℄) or the spei ation
derived in app. E (after setting φ = −pi2 ):
S =
∫
Σ2
d2ξ
√−g gαβ 1
2
×
4
Our onventions for the S3 oset manifold with the Killing indued metri, i.e. negative
denite, are ( y2 = ηijy
iyj = −δijyiyj )
Ei =
2
|e|
dyi
1− y2
̟ij =
4y[idyj]
1− y2
5
Atually the sign of the seond addend of eq . (3.12) is not xed beause there is a
possible sign ambiguity in the value of e
i(ϕ(+)+ϕ(−))
whih an be xed as disussed in app.
D.
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{
2|e|2 r2
[
∂αx
+ +
i√
2
θ(+)∗n
(−→
∂ α −←−∂ α
)
θ(+)n
] [
∂βx
− +
i√
2
θ(−)∗n
(−→
∂ β −←−∂ β
)
θ(−)n
]
− 1|e|2
∂αr ∂βr
r2
− 4|e|2 δij
∂αy
i ∂βy
j
(1 − y2)2 − δrs ∂αz
r ∂βz
s
}
+|e| ℑe r2
[
dx+ +
i√
2
θ(+)∗n
(−→
d −←−d
)
θ(+)n
]
∧
[
dx− +
i√
2
θ(−)∗n
(−→
d −←−d
)
θ(−)n
]
−ℜe|e| r
[
dθ(+)∗n ∧ dθ(−)m η˜(s)cnη˜m(−s)c + dθ(+)n ∧ dθ(−)∗m η˜
n
(s)η˜(−s)m
−idθ(+)n ∧ dθ(−)m η˜
n
(s)η˜
m
(−s)c − idθ(+)∗n ∧ dθ(−)∗m η˜(s)cnη˜(−s)m
]
−1
3
ρℑe
∫
B3
8
|e|3 ǫijk
dyi ∧ dyj ∧ dyk
(1− y2)3 (4.1)
We notie that this ation is written with the unusual metri whih is mostly
minus and with the use of the AdS3|4 fermioni oordinates like in ([4℄), we
ould as well have used fermioni oordinates whih transform as spinors for
SO(1, 2)⊗ SO(3)⊗ SO(4) like in ( [5℄). This ation an be rewritten in a more
ompat form using 6D pseudo-Majorana Weyl spinors when ℑe = 0, this is
done in app. G.
It is lear from the expliit form of the ation that setting ℜe = 0 is to hoose
a pure NSNS bakground while setting ℑe = 0 is equivalent to hoose a pure RR
bakground, but now the WZW term and the hiral struture disappear too.
The same happened in the ase treated previously, i.e. AdS5⊗S5. It is therefore
tempting to argue that pure RR bakgrounds are desribed by onformal ations
without WZWN term. This is a further hint of fat that in order to understand
pure RR bakgrounds requires a lot of eorts.
This ation should be onformal beause in the superosets approah there
an be onstruted two WZ terms ([7℄) whose oeients, in proper unities,
must be integer, therefore they annot mix and renormalise but the kineti
term has a relative weight xed by the bakground solution hene it annot
be renormalized too. As a further evidene of this laim we notie that in the
pure NSNS bakground the relative normalization of the kineti term and the
WZWN term is right and equal to
1
3 .
As derived in app. F or as it an be easily derived requiring the invertibility
of the fermioni kineti operator in the form of the ation given in eq. (G.1)
an only desribe the states whih satisfy the ondition
2r2
(
E−0 −
ℑe
|e|E
−
1
)(
E+0 +
ℑe
|e|E
+
1
)
+
(ℜe
|e|
)2 (
− (E21)2 − δijEi1Ej1) 6= 0
(4.2)
where Eaˆα is the omponent of the pullbak of E
aˆ
on the string surfae along
dξα .
In partiular for the pure NSNS bakground it happens that the stati solu-
tion (take ℑe = −|e| for deniteness)
x± = ξ± , r = const , Θ = 0 (4.3)
10
annot be desribed by the ation even if it is a solution of the equations of
motion sine it does not satisfy eq. (4.2) nevertheless the arguments of ([19℄) do
not apply sine (4.3) is not a viable solution for a fundamental IIB string whih
has to be losed, i.e. x± have to be periodi in σ.
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A Conventions.
We will use the following onventions:
• Indies: â, b̂, . . . ∈ {0, . . . , 9} , a, b, . . . ∈ {0, 1, 2}, u, v, . . . ∈ {3, . . . , 9},
i, j, . . . ∈ {3, 4, 5}, r, s, . . . ∈ {6, . . . , 9}; WS indies α, β, . . . ∈ {0, 1}
• Epsilon: ǫ0...9 = ǫ012 = ǫ345 = 1; WS ǫ01 = 1
• metri: η
â̂b
= diag(+1,−1, . . . − 1), ηab = diag(+1,−1,−1) , ηij =
diag(−1,−1,−1) , ηrs = diag(−1,−1,−1,−1); WS ηαβ = diag(1,−1)
• lightone oordinates for AdS3 : x± = 1√2
(
x0 ± x1), ǫ+−2 = −1
• 1+9D gamma matries
{Γ
â
, Γ̂
b
} = 2η
â̂b
Γ11 =
(
116
−116
)
ΓT
â
= −Ĉ−1 Γ
â
Ĉ ĈT = −Ĉ Ĉ† = Ĉ
• 1+2D (AdS3) gamma matries
{γa, γb} = 2ηab
γ0γ1γ2 = i 12
γTa = −C−1 γa C CT = −C C† = C
12
expliitly we have
γ0 = σ1 =
(
1
1
)
γ1 = iσ2 =
(
1
−1
)
γ2 = −iσ3 =
( −i
i
)
C = σ2
• 0+7D (S3 ⊗ T 4) gamma matries
{γ˜u, γ˜v} = 2ηuv = −2δuv
γ˜3 . . . γ˜8 = 18
γ˜Tu = −C˜−1 γ˜u C˜ C˜T = +C˜ C˜† = C˜
Moreover given a S3 spinor η we use the notation η = η
†
.
• 0+3D (S3) gamma matries
{γi, γj} = 2ηij
γ3γ4γ5 = 12
γTi = −C−1 γi C CT = −C C† = C
• 0+4D (T 4) gamma matries
{γr, γs} = 2ηrs
γ6γ7γ8γ9 = γ5
γ25 = 14 γ
†
5 = γ5
γTr = −C
−1
γr C γ
T
5 = +C
−1
γ5 C
C
T
= −C C† = C
• 1+9D gamma matries expressed using 1+2D and 0+7D gamma matries
Γa = γa ⊗ 18 ⊗ σ1
Γu = 1⊗ γ˜u ⊗ (−σ2)
Ĉ = C ⊗ C˜ ⊗ σ1
• 0+7D gamma matries expressed using 0+3D and 0+4D gamma matries
γ˜i = γi ⊗ γ5
γ˜r = 12 ⊗ γr
C˜ = C ⊗ C
• 1+9D gamma matries expressed using 1+2D , 0+3D and 0+4D gamma
matries
Γa = γa ⊗ (12 ⊗ 14)⊗ σ1
Γi = 1⊗ (γi ⊗ γ5)⊗ (−σ2)
Γr = 1⊗ (12 ⊗ γr)⊗ (−σ2)
Ĉ = C ⊗ (C ⊗ C)⊗ σ1
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B Deomposition so(2, 2) = so(1, 3) ⊕ so(1, 3) and
AdS3 .
We normalize the so(2, 2) generators as
[Mµν , Mρσ ] = −4 η [µ
[ρ
M ν]
• σ]
where η = diag(+,−,−+) with µ, ν ∈ {0, 1, 2, 3} . Notie that these indies
have a priori nothing to do with the spatial indies of AdS3, but in view of the
identiation of AdS3 as a oset
SO(2,2)
SO(1,2) we an write
Pa = |e|Ma3
Lab = Mab
where L are the Lorentz generators, P are the translations , |e|2 is the urvature
and the indies a, b, . . . ∈ {0, 1, 2} are the tangential indies to AdS3.
We an now dene the linear ombinations
J
(±)
ab = ǫ
··c
ab. J
(±)
c =
1
2
(
Mab ± 1
2
ǫabµν M
µν
)
where ǫ0123 = +1 and easily verify that J
(±)
c verify a so(1, 2) algebra given by
[ Ja , Jb ] = −ǫabc Jc
with ǫ012 = +1 .Sine this is a hange of basis we an express the M s through
the J s as
Mab = J
(+)
ab + J
(−)
ab = ǫabc
(
J (+)c + J (−)c
)
Ma3 =
1
2
ǫabc
(
J (+)bc − J (−)bc
)
= J (+)a − J (−)a
This hange of basis reets on the dual spae in the following way
Ωab =
1
2
(
ω(+)ab + ω(−)ab
)
=
1
2
ǫab··c
(
ω(+)c + ω(−)c
)
Ωa3 = |e|Ea = 1
4
ǫa·bc
(
ω(+)bc − ω(−)bc
)
=
1
2
(
ω(+)a − ω(−)a
)
This an be easily obtained omparing the deompositions of a generi so(2, 2)
valued 1-form µ = − 12ΩµνMµν = − 12ΩabLab − EaPa (the oeient − 12 is
hosen in order to get the usual expression for the urvature when omputing
the Maurer-Cartan) with the diret sum of two generi so(1, 3) valued 1-forms
µ = − 12ω(+)abJ (+)ab − 12ω(−)abJ (−)ab = − 12ω(+)aJ (+)a − 12ω(−)aJ (−)a .
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C The SU(1, 1|2, 0) and SU(1, 1|0, 2)Maurer-Cartan.
We dene the two algebras as the set of supermatries g satisfying
g†G+Gg = 0 G =
(
γ0
s 12
)
where s = 1 for SU(1, 1|2, 0) and s = −1 for SU(1, 1|0, 2).We an now easily
write down the most general element as
g =
( −αa i2γa Θm
−sΘn αn.m
)
+β 14 α
a∗ = αa , (αn.m)
∗
= −αm.n αmm = 0, β∗ = −β
where αa (a ∈ {0, 1, 2}), αnm (m,n ∈ {1, 2} ) and β are bosoni while Θn =(
θn
τn
)
are 2 3D spinors, i.e. θ and τ are Grassman variables and Θ
n
= Θ†nγ0
.
Given the previous expression for the generi element of the algebra we ould
ompute the left invariant forms whih satisfy the Maurer-Cartan equation in
the standard way as µ(αa, αnm, β,Θn) = exp(−g) d exp(g) but, sine we are
interested only in the expression for the Maurer-Cartan equation, we need only
the expression for a generi (super)Lie algebra valued 1-form
µ =
( −ωa i2γa χm−s χn An.m
)
+B 14 A
† = −A , B∗ = −B
where the 1-forms ω, B and A are bosoni while the 1-form χ is a fermioni
spinorial 1-form and we have dened χn = χ†nγ0 . From the usual expression
for the the Maurer-Cartan equation dµ+µµ = 0 we dedue the Maurer-Cartan
equations as
dωa +
1
2
ǫa. bc ω
bωc − is χnγaχn = 0
dAn.m +A
n
. p A
p
.m − s
(
χnχm − 1
2
δnmχ
pχp
)
= 0
dB − s1
2
χpχp = 0
dχn − i
2
ωaγaχn + χmA
m
.n = 0
The rst and last equations an be rewritten using ωab = ǫabcωc in a more
standard way as
dωab − ωa. cωcb − s χnγabχn = 0
dχn − 1
4
ωabγabχn + χmA
m
.n = 0
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D Derivation of the supergravitational bakground.
As a rst step we reord here two proprerties whih turn out very important in
the following
η1γiη1 + η
2γiη2 = 0 (D.1)
A11 +A
2
2 = 0 (D.2)
the rst one is a onsequene of the sympleti-Majorana ondition (2.18) sat-
ised by η while the seond equation is a onsequene of the denition of A as
a SU(2) gauge onnetion.
The projetion of the torsion equation on AdS3 yields
T a =
1
2|e|
[(
dω(+)a +
1
2
ǫabcω
(+)
b ω
(+)
c
)
−
(
dω(−)a +
1
2
ǫabcω
(−)
b ω
(−)
c
)]
−iΨΓaΨ =
=
1
2|e|
[
is(+)χ(+)nγaχ(+)n − is(−)χ(−)nγaχ(−)n
]
−
−2iκ23
[
χ(+)nγaχ(+)n + χ
(−)nγaχ(−)n
]
(D.3)
where we have used (2.20) to eliminate ω(±) and we have imposed
e2i(ϕ(−)−ϕ(+)) = −1 (D.4)
in order to eliminate the mixed gravitini urrent χ(+)χ(−)in the urrent ΨΓaΨ.
We notie that eq. (2.41) is not the only solution of eq. (D.4), the other solution
with the r.h.s. of eq. (2.41) equal to −i does not yield a dierent solution sine
the sign an be reabsorbed in the eld redenition χ(−) → −χ(−).
From eq. (D.3) we an now easily derive the onditions
s(±) = ±1 (D.5)
κ3 =
1
2
√|e| (D.6)
The rst ondition is quite important beause it means that SU(1, 1|2)2 is not
the proper global symmetry of this bakground.
We an now turn to exam the projetion of the torsion on S3; when we use
s = −t
κ
(±)
2 = ∓s|e|κ(±)1
in the expression of the torsion we an eliminate the setorsA(±)Ei and A(+)A(−)
and we are left with
T i = κ
(+)
1
[
η˜
m
(s) γ˜
i η˜(s)n dA
(+)n
. m − κ(+)2 η˜
m
(s) γ˜
ij η˜(s)n η˜
p
(s) γ˜j η˜(s)q A
(+)n
. m A
(+)q
. p
]
+
16
+κ
(−)
1
[
η˜
m
(t) γ˜
i η˜(t)n dA
(−)n
. m − κ(−)2 η˜
m
(t) γ˜
ij η˜(t)n η˜
p
(t) γ˜j η˜(t)q A
(−)n
. m A
(−)q
. p
]
+
−iΨΓiΨ
now in order to be able to use eq. (2.21) to eliminate the A in favor of χ we
need a Fierz identity like the rst one of the two identities
γ˜j η˜(r)n η˜
p
(r) γ˜j η˜(r)q = 2κ4 δ
p
n η˜(r)q + δ
p
q (. . .) (D.7)
γ˜j η˜n(r)c η˜
p
(r) γ˜j η˜(r)q = 2κ5 δ
n
q η˜
p
(r)c + δ
p
q (. . .) (D.8)
whih have to be valid for r = s, t and where (. . .) stands for something of whih
it does not matter to know the atual value (as far as it is independent of p, q )
in view of eq. (D.2); we notie moreover that the seond equation (D.8) turns
out to be neessary for verifying the gravitino Bianhi identity. These equations
(D.7,D.8) an be rewritten in terms of Hn (2.28) as
HqH
†pHn = κ4 δpn Hq + κ6 δ
p
q Hn
HqH
†pHnc = κ5 δ
n
q H
p
c + κ7 δ
p
q H
n
c
where we have lled the (. . .) with the only objets with the right transformation
properties that ould be used. We have moreover dened Hnc to be the matries
entering eq. (2.28) in plae of Hn when we dene ηnc ; explitely σ2H
∗nσ2 = Hnc
.
Sine these equations are ubi and therefore diult to solve it is better to
try to nd further onstraints on the matriesHN (2.16); some onstraints ome
from the ansatz that the urrentΨΓiΨ be proportional to χ(+)mχ
(+)
n ηn(s)γ
iη(s)m+
χ(−)mχ(−)n ηn(t)γ
iη(t)m without urrents like χ
nχmc :(
Hmc H
†
cn −HnH†m
)
pq
= a(δmp δ
q
n − ǫnpǫmq) + cmn δpq (D.9)
HmH
†
cn −HnH†cm = cnm1 (D.10)
To these onstraints we have to add the normalization onditions (2.17,2.18,2.29)
whih in this language read:
tr(H†nHm) = δnm (D.11)
tr(H†nHmc ) = 0 (D.12)
As a onsequene of eq.s (D.11,D.12) and eq. (D.9) we dedue that
H1H
†1 =
1
2
12 − 1
2
aσ3 (D.13)
H2H
†2 =
1
2
12 +
1
2
aσ3 (D.14)
H1H
†2 = −aσ− = −a(σ1 − iσ2) (D.15)
H2H
†1 = −aσ+ (D.16)
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Using these equations (D.13-D.16) into (D.7,D.8) we get a over onstrained
system whose solution is :
a = 1 κ4 = 1 κ5 = −1 κ6 = 0 κ7 = 1
H1 =
(
0 0
−h2 h1
)
H2 =
(
h2 −h1
0 0
)
H1c =
(
h∗1 h
∗
2
0 0
)
H2c =
(
0 0
h∗1 h
∗
2
)
with |h1|2+|h2|2 = 1 . The general solution an be obtained by a SU(2) rotation
applied to (Hn) thought as a two omponent omplex vetor whose entries are
matries.
We an now perform a USp(2) rotation on η and κ (whih leaves invariant
the sympleti-Majorana and normalization onditions) to bring the previous
H to the ones given in the text (2.42).
E The GS superstring ation on AdS3⊗S3⊗T 4 in
rst order formalism and its κ symmetry.
it is purpose of this appendix to determine the expliit form of the superstring
ation propagating on AdS3⊗S3⊗T 4 and the κ symmetry transformation rules
for its elds. This an be done in two dierent ways either starting in D = 10
and then ompatifying or diretly in D = 3.
We start with the former approah writing an ansatz inspired by the knowl-
edge of the seond order ation ([18℄) using the notations of ([15℄) and from the
fat that the salars are onstant:
S =
∫
Σ
c1Π
â
α i∗V
b̂ ∧ eβ η
â̂b
ǫαβ + c2Π
â
αΠ
b̂
β ηâ̂b η
αβ ǫγδ e
γ ∧ eδ
+c3V+ ∗A− c∗3V− ∗A (E.1)
where V± ∗ A = ǫαβV α±Aβ , α, β, . . . ∈ {0, 1} are worldsheet indexes and i∗ is
the pullbak on the string worldsheet Σ due to the superimmersion i : Σ →
AdS3 ⊗ S3 ⊗ T 4.
The relative oeient of the rst two terms of the rst line in eq. (E.1) is
determined to be
c2 = −1
4
c1 (E.2)
by the request that the Πâα equation of motion yields
δS
δΠ
= 0 =⇒ i∗V â = Πâαeα (E.3)
The zweibein equation of motion gives the Virasoro onstraints:
δS
δe
= 0 =⇒ Πα •Πβ = 1
2
ηαβΠ
2
(E.4)
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From the request of the ation (E.1) (in the 1.5 formalism) to have a κ
symmetry we determine the relative value of the oeients of last two terms
in eq. (E.1) with respet the rst term in the rst line:
c3 = −1
4
eiφc1 ∀φ (E.5)
and the vetor eld
−→̂
ǫ = δκΘ
−→
∂Θ+δκΘc
−−→
∂Θc+δκx
−→
∂x assoiated to the κ symmetry
and the variation of the zweibein:
δκe
α = 2ic1
(
κ̂
α
Ψ+ κ̂c
α
Ψc
)
The vetor eld
−→̂
ǫ is dened by the properties
−→̂
ǫ
| ψ = ǫ̂ = Πâα Γâκ̂α , −→ǫ | V aˆ = 0 (E.6)
κ̂cα = ie
iφǫαβ κ̂β (E.7)
and its ation by mean of the Lie derivative gives the supersymmetri variations
(up to loal Lorentz and gauge transformations) of the other elds
δκV
â = −i (ΨΓaˆǫ̂−ΨcΓaˆǫˆc) (E.8)
δκ(V+ ∗A) = −4iΨ Γaˆǫ̂Vaˆ (E.9)
We have now to rewrite these expressions using the elds whih we used in the
rest of this paper and are proper for treating the bakground; to this purpose
inspired by the expression for the gravitini eq. (2.26) we write
ǫ̂ = κ3
(
0
eiϕ(+)ǫ
(+)
(n,m)(x,Θ)⊗ η˜(n,m)(s) + eiϕ(−)ǫ(−)(n,m)(x,Θ)⊗ η˜(n,m)(t)
)
(E.10)
κˆ = κ3
(
eiϕ(+)κ
(+)
(n,m)(x,Θ)⊗ η˜(n,m)(s) + eiϕ(−)κ(−)(n,m)(x,Θ)⊗ η˜(n,m)(t)
0
)
(E.11)
where we impose Majorana onditions on ǫ
(±)
N and antiMajorana on κ
(±)
N beause
of the presene of a Γ in eq. (E.6). In order to hek the validity of this ansatz
we insert these expressions in the susy transformation rules (E.8-E.9) and we get
the same susy transformation rules for the AdS3⊗S3⊗T 4 elds as those whih
an be derived diretly from the urvatures (2.20-2.23) and from the expressions
(2.30-2.32):
δV a = − i
2 |e|
(
χ
(+)
N γ
aǫ
(+)
N + χ
(−)
N γ
aǫ
(−)
N
)
(E.12)
δV i =
1
2 |e|
(
χ
(+)
N ǫ
(+)
M K
i
(s)MN + χ
(−)
N ǫ
(−)
M K
i
(t)MN
)
(E.13)
δV r = 0 (E.14)
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δ(V+ ∗A) = − i|e|
(
e2iφ(+)χ
(+)
N γ
aǫ
(+)
N + e
2iφ(−)χ
(−)
N γ
aǫ
(−)
N
)
Va
− i
2 |e|e
i(φ(+)+φ(−))
(
χ
(+)
N γ
aǫ
(−)
M + χ
(−)
N γ
aǫ
(+)
M
)
JNM Va
+
1
|e|
(
e2iφ(+)χ
(+)
N ǫ
(+)
M K
i
(s)MN + e
2iφ(−)χ
(−)
N ǫ
(−)
M K
i
(t)MN
)
Vi
+
1
|e|e
i(φ(+)+φ(−))
(
χ
(+)
N ǫ
(−)
M + χ
(−)
N ǫ
(+)
M
)
J iNM Vi (E.15)
where we have dened the following quantities:
JNM = η˜
N
(s)η˜
N
(t) J
i
NM = η˜
N
(s)γ˜
iη˜N(t)
Ki(s)MN = η˜
N
(s)γ˜
iη˜N(s) K
i
(t)MN = η˜
N
(t)γ˜
iη˜N(t)
whih enjoy the useful properties
JPM JPN = JMP JNP = δMN
Ki(s)MP JPN = K
i
(t)MN
Before we an extrat the κ symmetry transformations for the AdS3⊗S3⊗T 4
elds, it is important to realize that η˜N(s)and η˜
N
(t) are not linearly independent
sine they both satisfy eq. (2.12) and there are at most 4 spinors whih are
linearly independent over C. Both of them satisfy the Fierz identity
η˜N(s)η˜
N
(s) = η˜
N
(t)η˜
N
(t) = 12 ⊗
1 + ργ5
2
(E.16)
sine both η˜N(s) and η˜
N
(t) are orthonormal as follows from eq. (2.29).
We are now ready to insert eq.s (E.10,E.11) into eq. (E.6) in order to get
the relation between the parameters ǫN of the supersymmetry variation and the
parameters κN :
ǫ
(+)
N = Π
a
α γaκ
(+)α
N − iΠiα Ki(s)NM κ(+)αM (E.17)
ǫ
(−)
N = Π
a
α γaκ
(−)α
N − iΠiα Ki(t)NM κ(−)αM (E.18)
and into eq. (E.7) in order to get the onstraints on the κ parameters:
κ
(+)
Nα + e
i(φ(+)−φ(−))JNMκ
(−)
Mα = e
i(φ+2φ(+)) ǫαβ
(
κ
(+)
Nβ + e
i(φ(−)−φ(+))JNMκ
(−)
Mβ
)
(E.19)
We ould have proeeded diretly in D = 3 and imposed that eq. (E.1)
were invariant under the susy transformation rules (E.12-E.15) with properly
restrited parameters ǫ
(±)
N , then starting from an ansatz like eq.s (E.17-E.18)
with the oeients undetermined and imposing the anellation of the terms
proportional to ΠaΠi we would have xed these undetermined oeients and
found a onstraint equivalent to (E.19).
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F Fixing the κ symmetry with the supersolvable
projetor.
In this appendix we want to show that it is possible to x the κ symmetry using
the supersolvable algebra and nd whih states an be desribed in this gauge:
this is ompletely analogous to what happens in the more usual GS formulation
of the superstring in D = 10 where only the states with p+ 6= 0 an be desribed.
As a rst step in this diretion we introdue the projetors
P =
1√
2
γ0γ− =
1 + iγ2
2
, Q =
1√
2
γ0γ+ =
1+ iγ2
2
and we notie that the request of xing the κ symmetry by using the supersolv-
able algebra is equivalent to showing the possibility of setting Pψ(+) = Qψ(−) =
0 , and this an be reformulated as the fat we an nd a solution for κ
(±)
Nα for
any Pǫ(+) and Qǫ(−) .
In order to show this we need introdue some notation in order to be able
to write the following expression in a more onise way; we dene therefore
C = cos(φ+ 2φ(+)) = −ℜ(ee
iφ)
|e| , S = sin(φ+ 2φ(+)) = −
ℑ(eeiφ)
|e|
λ
(−)
Nα = κ
(+)
MαJMN , η
(−)
Nα = ǫ
(+)
MαJMN
so that eq. (E.19) implies that not all the omponents of κ
(−)
α and λ
(−)
α are inde-
pendent, i.e. (from now on we drop all the
(−)
in order to avoid to burden(??)
the notation too muh)
− κN1 = CκN0 + SλN0
−λN1 = −CλN0 + SκN0 (F.1)
The equations whih are to be solved and relate Pη and Qǫ to κ and λ an
be derived from (E.17,E.18) read
QǫN = Π
p
α γpPκ
α
N +
(
Π2α γ2 − iΠiα Ki(t)MN
)
QκαM (F.2)
PηN = Π
p
α γpQλ
α
N +
(
Π2α γ2 − iΠiα Ki(t)MN
)
PλαM (F.3)
and when we set Pκ = Qλ = 0 and utilize the onstraints (F.1) they an be
rewritten as(
QǫN
PλN
)
=
 (Πp0 γp + C Πp1 γp)Q δNM S (Π21 γ2 δNM − iΠiα Ki(t)MN)P
S
(
Π21 γ2 δNM − iΠiα Ki(t)MN
)
Q (Πp0 γp − C Πp1 γp)P δNM
( PκM0
QλM0
)
When we ompute the determinant of the matrix entering the previous expres-
sion on the subspae where Q = P = 1and we require it to be dierent from
zero we get the onstraint on the states whih an be desribed by this gauge
2
(
Π+0 − CΠ+1
) (
Π−0 + CΠ
−
1
)
+ S2
(
Π21Π21 +Π
i
1Πi1
) 6= 0 (F.4)
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We notie that the request Pκ = Qλ = 0 is not restritive at all and
whihever solution to the eq.s (F.2-F.3) implies eq. (F.4).
G Another useful expression for the pure RR a-
tion.
We want now nd a dierent expression for the ation (4.1) where we make use
of 6D pseudo-Majorana Weyl spinors ([20℄ ). To this purpose we onstrut the
6D gamma matries as
Γa = γa ⊗ 1⊗ σ1 , Γi = 1⊗ γi ⊗ σ2 , C = C ⊗ C ⊗ σ1
Γ7 = −Γ0 . . .Γ5 = 1⊗ 1⊗ σ3
whih satisfy the properties
CT = C , ΓT• = −CΓ•C
To proeed further we need the expliit expression of the S3 spinors whih
satisfy eq. (2.19):
ηp(s) =
1√
1− y2
(
1 + sρ yi γi
)
ǫp
where ǫp is a set of 2 onstant spinors normalized as ǫqǫ
p = δpq . This an be
derived as in ([6℄ ).
With these denitions we an verify, using the seond equation of (2.16),
that the following 6D spinors
Θp = (θ
(+)
N + θ
(−)
N )⊗ ǫr HNrp ⊗ ξ
where ξ =
(
i
0
)
are a ouple of pseudo-Majorana Weyl spinors; expliitly we
have
Θcp ≡ CΘTp = ǫpq Θq , Γ7Θp = +Θp
We notie that in performing the sum θ
(+)
N +θ
(−)
N we do not loose any d.o.f sine
σ3θ
(±)
N = ±θ(±)N .
With the further hange of bosoni variables (y2 = −δijyiyj )
Y 2 = r
1 + y2
1− y2
Y i = (−sρ) r 2y
i
1− y2
we an now easily rewrite the ation as follows ((Y )2 = − (Y 2)2 − (Y i)2 )
S =
∫
Σ2
d2ξ
√−g gαβ 12×{
−2|e|2 (Y )2
[
∂αx
+ + i2Θ
p
Γ+∂αΘp
] [
∂βx
− + i2Θ
p
Γ−∂βΘp
]
− 1|e|2 δut ∂αY
t ∂βY
u
(Y )2
− δrs ∂αzr ∂βzs
}
−|e|ℑe (Y )2
[
dx+ + i2Θ
p
Γ+dΘp
]
∧
[
dx− + i2Θ
p
Γ−dΘp
]
+ e2|e|Y
tidΘ
p
ΓtdΘp + SWZWN (G.1)
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where t, u = 2, . . . , 5 an be interpreted as the diretions transverse to the (p, q)
D1 brane generating this bakground in the near horizon limit when we forget
the T 4 σ model.
23
